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Summary 


Since the early seventies, Prof. Clodoveo Ferri has conducted numerous clinical and etiopathogenetic studies 
on a large Italian case series of patients with mixed cryoglobulinemia (MC), synonym cryoglobulinemic vasculitis (CV), 
in close collaboration with Prof. Stefano Bombardieri and Gianpiero Pasero and numerous other Italian and foreign experts. 


Starting from MC, the overall body of researches includes (see Figure and comments on page 5 and 6): 


1970s-1980s -> clinical-immunological studies on cryoprecipitation, hepatic, renal, neurological and pulmonary involvement 
of MC, role of ‘indolent’ lymphoproliferation underlying cryoglobulinemic syndrome 


1991 -> first demonstration of the close association between hepatitis C virus (HCV) infection and MC 


1993 -> studies on HCV lymphotropism, which in addition to its hepatotropism is able to infect and stimulate (over- 
expression of Bcl2) peripheral lymphocytes in patients with HCV-associated MC 


1994 -> first demonstration of a significant association between HCV and ‘idiopathic’ B-cell NHL 


in the following years -> numerous studies focused on the role of HCV in various immune-mediated disorders, organ- and 
non-organ-specific (thyroid, pancreas, porphyria cutanea tarda, etc.), as well malignancies (papillary thyroid carcinoma, in 
addition to to B-NHL and hepatocellular carcinoma) 


moreover: survival studies on MC pts, diagnostic and therapeutic guidelines, and more recently the evaluation of the 
impact of the COVID-19 pandemic on 450 patients with MC. 
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The long research activity for over 50 years has produced a large body of knowledge and pioneering studies, also 
thanks to fruitful collaborations with other recognized experts. 

The history of MC starts from the early decades of the 20th century, initially as well-known ‘laboratory curiosity’, 
the immuno-cryoprecipitation, associated with seropositivity for rheumatoid factor (RF) and complement 
consumption; these serological abnormalities, very often without apparent clinical significance, only in some 
subjects lead to the clinical triad arthralgia/asthenia/vasculitic purpura. The presence of these symptoms, 
including serum FR+, suggested a specific clinical syndrome well codified in the 1960s by Meltzer M and Franklin EC 
(Am J Med. 1966). In the absence of known causes/clinical associations in the majority of patients the MC 
syndrome was Classified as ‘essential’. 

The numerous clinical-pathological facets of the MC syndrome have suggested a series of studies in different fields, 
involving, in addition to rheumatologists, various specialists, such as virologists, internists, immunologists, 
hematologists, hepatologists, nephrologists, neurologists, etc. 


The results of researches recorded so far are of great relevance for various aspects, in particular: 

¢ biological field: the demonstration of etiopathogenetic link underlying the symptomatic complex 'Infection- 
autoimmunity-lymphoproliferation-cancer’ 
clinical practice: the eradication of the common viral triggering agent (HCV) can lead in many subjects to the 
remission of the autoimmune-vasculitic syndrome and/or malignant lymphoproliferation. 
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The complex of researches on: 


Mixed Cryoglobulinemia 
HCV infection 
Autoimmunity 
and Oncogenesis 


The history of this peculiar, 
multistep and surprising research line, 
advancing in different directions, 
may be useful for many aspects, 
in particular: 


¢ it may have a stimulating and educational value, 
especially for student, young researchers, and clinicians 


e it underlies the relevance to deal with the complexity in the clinical 
practice, which always requires a multidisciplinary approach 
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Mixed cryoglobulinaemia and hepatitis C virus: 
a paradigm | 
of a virus-related autoimmune and lymphoproliferative disorders 


Ferri C, Bombardieri S 
Clin Exp Rheumatol 2021 
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Fig. 1. Schematic representation of thirty-year history of HCV-related mixed cryoglobulinaemia and other HCV-related extra-hepatic disorders (HCV-EHDs). Following the HCV 
discovery (1989), the striking association between HCV and mixed cryoglobulinaemia (MC), synonymous with cryoglobulinaemic vasculitis, was demonstrated in 1991. Both dates 
represent a fundamental turning point in the history of two disorders previously classified of unknown aetiology: the so-called non-A, non-B hepatitis and the ‘essential’ MC. The 
association HCV-MC opened a fruitful succession of clinical-epidemiological, virological, and pathological studies that over the last three decades led to the definition of HCV- 
related extra-hepatic disorders (HCV-EHDs), a complex of autoimmune organ- and non-organ-specific, and lymphoproliferative disorders, mainly B-cell non-Hodgkin lymphoma (B- 
NHL). 

HCV syndrome’ consists of the aggregation of 

¢ HCV-related hepatic manifestations (hepatitis C, cirrhosis, hepatocellular carcinoma) and 

° HCV extra-hepatic disorders: MC syndrome, B-NHL, endocrine disorders, porphyria cutanea tarda, etc. 

More recently we are experiencing another revolution following the introduction of direct-acting antivirals (DAAs), able to eradicate the HCV. However, many issues still remain 
open, especially as regards the persistence or relapses/flares of different HCV-EHDs, mainly the cryoglobulinaemic vasculitis and B-NHL despite HCV eradication. 
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From internal medicine to 


rheumatology and back: 
the example of 
mixed cryoglobulinemia 


Pasero GP, Bombardieri S, Ferri C 
Clin Exp Rheumatol 1995 Jan-Feb;13(1):1-5. 
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First key observation 


¢ High prevalence of liver involvement 
in patients with mixed cryoglobulinemia 
(from chronic hepatitis to cirrhosis/hepatocellular carcinoma) 


Of note, liver involvement is a rare complication in the 
course of other systemic vasculitides 


¢ This finding suggested a possible causal role of 
‘hepatotropic’ infectious agent(s) in patients with 
mixed cryoglobulinemia 


Meltzer M, et al. Am J Med 1966; Bombardieri S, Ferri C, et al. Ric Clin Lab 1979; Gorevic PD, et al. Am J Med 1980 E 
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The high prevalence of liver involvement (from chronic 
hepatitis to cirrhosis, and hepatocellular carcinoma) in 
patients with mixed cryoglobulinemia or 
cryoglobulinemic vasculitis (of note, chronic hepatitis is 
a rare organ complication in the course of other 
systemic vasculitides) suggested the possible 

causal role of a ‘hepatotropic’ infectious agent. 


HBV could represent a likely candidate also in light of 
its role in patients affected by another form of systemic 
vasculitis, the polyarteritis nodosa, described since the 
early seventies. 
However, the low prevalence of HBV infection in 
patients with mixed cryoglobulinemia (with/without 
chronic hepatitis) led to exclude its role in the majority 
of patients. 
Before the discovery of HCV (1989), many ‘idiopathic’ 
hepatitis were classified as ‘nonA, nonB hepatitis’ 
and mixed cryoglobulinemia as ‘essential’ MC 

(see figure page 5 & 6) 


Seventies-Eighties 


Ric Clin Lab 1979 


Liver involvement 


in essential mixed cryoglobulinemia 
S Bombardieri, C Ferri, O Di Munno, G Pasero 


Abstract 

Twenty-one of 30 patients with essential mixed cryoglobulinemia (EMC) 
had evidence of liver involvement. 

The liver disease was characterized by the absence of clinical symptoms, 
hepatosplenomegaly, mild elevation 

of enzymes, abnormal BSP retention and low albumin levels. Histology, 
available in 12 patients, showed either 

chronic persistent or chronic active hepatitis or liver cirrhosis; 44% of the 
patients had HBsAg or HBsAb 

in sera and/or cryoglobulins, confirming the high frequency of exposure to 
hepatitis B virus (HBV) infection i 

n EMC. However, liver lesions were similar in all patients, regardless of HBV 
exposure. Since other factors 

usually associated with chronic liver diseases were absent or apparently 
irrelevant, it is temptative to 

speculate that a 'cryoglobulinemic hepatitis' may exist as a distinct 
syndrome. The characteristic complement 

profile of the patients with EMC (low CH50 and C4, normal C3PA), not 
related to albumin levels, can help to 

differentiate this disease from chronic liver disease without cryoglobulins. 
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Soon after the discovery of HCV (1989), 
as the main cause of non-A, non-B hepatitis, es 
in 1990 two preliminary observations Alpha Interferon in the Treatment of Mixed 
ona limited number of patients with FR cscs 
Mixed Cryoglobulinemia Horna TE 
highlighted the presence of serum antibodies mee venue curaes 0 cote ben —n 
(detected by first generation RIBA) | | 

However, the increased prevalence of anti-HCV cece 


remained less than 50% of patients | : 


-Pascual M et al, Hepatitis C virus in patients with 
cryoglobulinemia type Il. J Infect Dis 1990 


Te ee oe Te0T TP cee cet cae A” ee ee ee 


-Ferri C et al. Alpha-interferon in the treatment of 

mixed cryoglobulinemia patients. $e = ad = =< 
International Cancer Update. epee A ese wen ogee 

Focus on Interferon Alfa 2b. Cannes, France. 
November 1-4, 1990. Proceedings 


(Eur J Cancer 1991; 27: 81-82 
DOI: 10.1016/0277-5379(91)90583-Y ) 
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1991 


The two preliminary 
observations (1990) 
of increased 
prevalence of 


anti-HCV antibodies 
were confirmed on 
a larger case series 


of patients with MC 
Ferri C et al. A&R 1991 s 


1972 -2024 


rthritis 
Rheumatology 


ANTIBODIES TO HEPATITIS C VIRUS IN PATIENTS WITH 


MIXED CRYOGLOBULINEMIA 


CLODOVEO FERRI, FRANCESCO GRECO, GIOVANNI LONGOMBARDO, PIERO PALLA, ADOLFO MORETTI, 
EMANUELE MARZO, PIER VITTORIO FOSELLA, GIAMPIERO PASERO, and STEFANO BOMBARDIERI 


noblot assay. The presence of HBV-related markers was 
investigated in the same samples, HCVAb were found in 
54% of mixed cryoglobulinemia patients, and the 


(P < 0.01) and with increased serum transaminase 
levels (P < 0.01), HCVAb were virtually absent in 
control patients with other immunologic diseases, These 
results support the notion that viral agents, Le., HCV 
and possibly HBV, have a role in the pathogenesis of 
mixed cryoglobulinemia patients. 


From the Rheumatology Unit and Clinical Immunology 
Unit, University of Pisa, and the Biood Comer, Ospedale S. Chiara, 


Pisa, Btaly 

 Catoven Pent MD: Rheumatology Unit and Clinical 
Immunology Unit, University of Pisa; Francesco Greco, MD: 
Chiara; Giovanni BS: 


Arthritis and Kheumation, Vol. 34, No. 12 (December 1991) 


Mixed cryoglobulinemia is a systemic disorder 
typical clinical 


to hepatitis B virus (HBV) in mixed cryoglobulinemia 
has been reported by some authors, though the prev- 
alence of this association varies among the reports 
(1-3). Based on this association, it has been hypothe- 
sized that mixed cryoglobulinemia, like arthritis and 
polyarteritis (4,5), might be one of the extrahepatic 
manifestations of HBV infection, The finding of cryo- 
globulins in a variety of infectious diseases and the 
HBV seropositivity found in some mixed cryoglob- 
ulinemia patients support the possibility that mixed 

may result from a number of types of 
infection in predisposed individuals. Since hepatitis C 
virus infection is responsibie for a large proportion of 
non-A, non-B usion hepatitis and “‘autoim- 
mune” chronic hepatitis (6,7), and since liver involve- 
ment is one of the most frequent manifestations of 
mixed cryoglobulinemia (1-3), we investigated the 
prevalence of anti-hepatitis C virus antibodies 
(HCVAb) and their correlation with clinical and sero- 
logic parameters in a large series of unselected patients 
with mixed cryoglobulinemia, 


Rheumatology Unit of the University of Pisa between 
1972 and 1990. Of these, 52 consecutive, unsclected 
patients who attended the clinic for routine outpatient 
visits between March 1990 and October 1990 were 
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1991 


In the same year 
the first demonstration 
of a high prevalence (86%) 
of HCV infection (viremia) 
in patients with 
Mixed Cryoglobulinemia 


Serum HCV RNA assessed 


by polymerase chain reaction technique 
(at Wellcome Diagnostics, London UK) 


Ferri C et al. Clin Exp Rheumatol 1991 
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Clin Exp Rheumatol 1991 Nov-Dec; 9(6): 621-4. 
Association between hepatitis C virus and 
mixed cryoglobulinemia 


C Ferri4, F Greco, G Longombardo, P Palla, A Moretti, E Marzo, A Mazzoni, G Pasero, S 
Bombardieri, P Highfield, Corbishley T 


Abstract 

The prevalence of hepatitis C virus (HCV) RNA and of antibodies to HCV in an 
unselected series of 42 mixed cryoglobulinemia patients was investigated in 
this study. 

HCV RNA was detected by the polymerase chain reaction technique, and HCV 
antibodies by two enzyme-linked immunosorbent assays (Chiron ELISA HCV, 
Second Generation, Emeryville CA, USA; Wellcome Diagnostic, England). 

HCV RNA was found in 86% of the mixed cryoglobulinemia patients. Using 
either the Chiron ELISA or the Wellcome ELISA, HCV antibodies were present in 
90% of the same samples; anti-HCVAb seropositivity was confirmed in all cases 
by immunoblot assay (Chiron RIBA HCV, Second Generation Assay). 

A striking correlation between HCV RNA and anti-HCV antibody seropositivities 
was recorded. HCV RNA in mixed cryoglobulinemia patients was not correlated 
with the presence or absence of biopsy-proven liver involvement. 

These results suggest that the association between 

HCV and mixed cryoglobulinemia is not fortuitous, and therefore that HCV 
may have an etiopathogenetic role in this disorder. 
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1992-93 


An important step in the study of the 
etiopathogenetic role of HCV in autoimmune diseases 
(organ- and non-organ-specific) and in 
lymphoproliferative disorders was the 

discovery of HCV lymphotropism 
(in addition to its well known hepatotropism) 
demonstrated in either 
e isolated hepatitis C 

and 
mixed cryoglobulinemia 


Infection of peripheral mononuclear blood cells by 


hepatitis C virus. 
Zignego AL, Macchia D, Monti M, Thiers V, Mazzetti M, 


Foschi M, Maggi E, Romagnani S, Gentilini P, Bréchot C. 


J Hepatol. 1992 Jul; 15(3): 382-6. 


Infection of peripheral blood mononuclear cells by 
hepatitis C virus in mixed cryoglobulinemia 
C Ferri2, M Monti, L La Civita, G Longombardo, 


Blood 1993 Dec 15; 82(12): 3701-4. 
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Infection of Peripheral Blood Mononuclear Cells by Hepatitis C Virus in 
Mixed Cryoglobulinemia 


By Clodoveo Ferri, Monica Monti, Luca La Civita, Giovanni Longombardo, Francesco Greco, Giampiero Pasero, 
Paolo Gentilini, Stefano Bombardieri, and Anna Linda Zignego 


A striking association between hepatitis C virus (HCV) in- 
fection and mixed cryoglobulinemia (MC) has been shown; 
thus, HCV seems to play an important etiopathogenetic 
role in this lymphoproliferative disorder. Because HCV is 
both a hepatotropic and lymphotropic virus, this study 
aimed to investigate the prevalence of HCV infection of 
peripheral blood mononuclear cells (PBMCs) in a series of 
16 patients with type II (IgMk) MC. Antibodies against 
HCV were detected by commercially available kits (Second 
Generation Chiron enzyme-linked immunosorbent assay 
(ELISA] and recombinant-based immunoblot assay 
[RIBA]}, and the presence of HCV RNA was evaluated in 
both sera and isolated PBMCs using the polymerase chain 


reaction technique. A previous exposure to HCV was 
shown by ELISA and confirmed by RIBA in all cases 
(100%). Moreover, HCV RNA was present in the sera of 8 
of 16 patients (50%), whereas its frequency markedly in- 
creased (13 of 16 [81%]} when genomic sequences were 
detected in peripheral lymphocytes. HCV RNA was never 
detected in the PBMCs of 20 control subjects. These find- 
ings showed that HCV infection, alone or in combination 
with other factors, may be responsible for the clonal B-cell 
expansion underlying the systemic manifestations of MC, 
and may explain the appearance of a malignant non-Hodg- 
kin’s lymphoma in some subjects. 

© 1993 by The American Society of Hematology. 
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1991-1994 
The knowledge acquired in the early nineties has led to 


Second key observation 


1. MC is frequently associated with HCV infection 


2. HCV is a lymphotropic virus 
3. MC can be complicated by B-NHL 


on the basis of which a question arose: 


What is the role of HCV 
in the etiopathogenesis 
of so-called ‘idiopathic’ B-NHL? 


of so-called ‘idiopathic’ B-NHL? 


HCV-related markers 
(anti-HCV/HCV RNA by PCR) 
were detected 
in 34% 
of unselected B-NHL patients; 
this prevalence is particularly 


significant when compared 
with HCV prevalence 

in Hodgkin's lymphoma (3%) 

and healthy controls (1.3%). 


First description of the association 


What is the role of HCV 
ly tidy (obiecateet tes 1994 HCV & B-cell Non-Hodgkin's lymphoma 


In unselected series of patients with ‘idiopathic’ B-cell NHL referred to Hematology Unit of University of Pisa, Italy 


> JAMA. 1994 Aug 3;272(5):355-6. doi: 10.1001/jama.1994.03520050033023. JAMA 


Non-Hodgkin's lymphoma: possible role of hepatitis 
C virus 


C Ferri, L La Civita, F Caracciolo, A L Zignego 


aires Gotaem fesse 6 
1994 Oct;88(2):392-4. | 

doi: 10.1111/j.1365-2141.1994.tb05036.x. 

Hepatitis C virus infection 


in patients with non-Hodgkin's lymphoma 
C Ferri4, F Caracciolo, A L Zignego, L La Civita, M Monti, G Longombardo, 
F Lombardini, F Greco, E Capochiani, A Mazzoni, et al. 


Annals of Internal Medicine’ 


Articles | 1October 2002 


Prevalence of bc/-2 Rearrangement in Patients 
with Hepatitis C Virus-Related Mixed 
Cryoglobulinemia with or without B-Cell 
Lymphomas 


In collaboration with 
Prof. AL Zignego 
Univ. of Florence, Italy 


Demonstration of frequent 
activation of the proto-oncogene 
Bcl2 (t14; 18) translocation) 

in patients with 

MC with/without B-cell NHL 


Anna Linda Zignego, MD, PhD &, Clodoveo Ferri, MD, Francesca Giannelli, PhD, Carlo Giannini, PhD, ... See Mol 


This finding supports the 
oncogenetic role of HCV 
And, at the same time, 

it strengthens the role of 
mixed cryoglobulinemia as 
pre-neoplastic condition 


Clodoveo Ferri 


Effect of h epatitis C Vi ru S i nfe ctio n re) n the ris k of Shae tie Research Line: from Mixed Cryoglobulinemia (Cryoglobulinemic Vasculitis) to HCV infection, Autoimmunity, and Oncogenesis. 
non-Hodgkin's lymphoma: A meta-analysis of 
epidemiological studies 


Keitaro Matsuo," 3° Aaron Kusano,? Aravind Sugumar,’ Shigeo Nakamura,? Kazuo Tajima’ and Nancy E. Mueller? 


Cancer Sci. 2004 Sep;95(9):745-52. doi: 10.1111/j.1349-7006.2004.tb03256.x. 


"Division of Epidemiology and Prevention, Department of M . . + gs . . F iy 

IS rarimene Gh enidemiGiogy aMtecer ORPGRI CHEST @ Table 1. Summary of studies that have examined the association between HCV infection and non-Hodgkin's lymphoma 

102115, USA HCV 
B-NHL = T-NHL Control positive 


subgroup subgroup 
analysis analysis (n) control 


Casa HCV 
(Received May 27, 2004/Revised July 14, 2004/Accepted July Country (n) Ss positive 


case (n) 


Case 


description Control descrption Matching HCV tests 


eal Ferri et al. (1994) Italy 50 15 B-cell NHL only —— Yes No 30 1 Hospital-based control Age 2G ELISA and RIBA | 
: NHL based 


control in a cohort 
Stu d ies O Nn Musto et al. (1996) Italy 150 40 NHL No No 466 25 Hospital-based control No 3G ELISA 
Mazzaro et al. (1996) _ Italy 199 57 NHL No No 6917 199 Population-based No 2G EIA and RIBA 
H CV & B-N H le control in a cohort 
De Rosa et al. (1997) Italy 100 21 NHL Yes Yes 1568 30 Blood donor control No 3G ELISA and RIBA 
a Z Zuckerman et al. (1997) USA 131 22 NHL Yes Yes 114 4 Hospital-based control No 2G ELISA 
association Shariff et al. (1999) Canada 125 2 NHL Yes Yes 1085 11 Healthcare workers No 3G EIA+RIBA 
Paydas et al. (1999) Italy 98 9 NHL No No 36,418 192 Blood donor control No 3G ELISA 
p u b | ished Vallisa et al. (1999) Italy 175. 65 B-cell NHLonly Yes No 175 10 Hospital-based control Age, sex 3G ELISA and RIBA 
Pioltelli et a/. (2000) Italy 300 48 B-cell NHL only Yes No 600 51 Hospital-based control No 3G ELISA and RIBA 
in th e fi rst 10 eq rs Zucca et al. (2000) Switzerland 180 17 B-cell NHL only Yes No 5424 49 Blood donor control No 3G ELISA 
y Mizorogi et al. (2000) Japan 125 17 NHL Yes Yes 452 18 Hospital-based control No 2G EIA 
0 Harakati et a/. (2000) SaudiArabia 56 12 B-cell NHL only Yes No 104 3 Hospital-based control No 2G EIA 
fol lowi ng Hausfater et a/. (2001) France 164 3 B-cell NHL only Yes No 694 3 Hospital-based control No 3G ELISA 
a ‘ 2 ° Kuniyoshi et a/. (2001) Japan 348 20 NHL No No 1,513,358 11,396 Blood donor control No 3G ELISA 
its first descri ption Montella et a/. (2001) Italy 111. 28 s-NHL Yes Yes 226 17_Hospital-based control No 3G ELISA 
Rabkin et al. (2002) USA 59 2 B-cell NHL only Yes No 95 0 Control drawn from Age, sex 3G ELISA 
in 1994 same cohort 
Kaya et al. (2002) Turkey 70 1 NHL No No 70 0 Healthy subjects Age, sex 3G EIA 
Imai et al. (2002) Japan 187 23 NHL Yes Yes 197,600 10,176 Blood donor control Age, sex 2G and 3G ELISA 
Chindamo et al. (2002) Brazil 109 10 NHL Yes Yes 39,371 472 Blood-donor-control No 2G and 3G ELISA 
Mele et al. (2003) Italy 400 70 ‘B-cell NHL only Yes No 396 22 Hospital-based control No 3G EIA+RIBA 
Avires et al. (2003) Mexico 416 2 B-cell NHL only Yes No 832 1 Blood donor control Age, sex 3G ELISA+RIBA 
Iwata et al. (in press) Japan 130 5 NHL Yes Yes 568 29 Hospital-based control Age, sex 1G or 2G EIA 


Abbreviations: ELISA, enzyme-linked-immunosorbent assay; EIA, enzyme-immunoassay; and RIBA, recombinant immunoblot assay. 2G and 3G 
stand for second generation and third generation, respectively. 


Hepatitis C virus-related autoimmunity in patients 


with porphyria cutanea tarda 


C. FERRI, U. BAICCHI, L. LA CIVITA, F. GRECO, G. LONGOMBARDO, 
European Journal of A. MAZZONI, G. CARECCIA, S. BOMBARDIERI, G. PASERO, 


Clinical Investigation we 
Abstract 


Hepatitis C virus (HCV) infection is frequently found in autoimmune hepatitis 

and mixed cryoglobulinaemia. In these conditions HCV could be responsible 

for immuno-mediated organ alterations. The aim of this study was to evaluate 

the presence of immunological alterations in PCT patients, in which 

HCV infection has been frequently found. Twenty-three PCT patients were 
evaluated for clinical and serological alterations, including: chronic hepatitis, 

other systemic symptoms, serum cryoglobulins and rheumatoid factor (RF), 
haemolytic complement, serum immunoglobulins, anti-nuclear (ANA), 

anti-smooth muscle (ASMA), anti-liver-kidney-microso-mal (anti-LKMI), 
anti-soluble-liver-antigen (SLA), anti-mitochondrial (AMA), anti-GOR antibodies, 
anti-HCV and HCV RNA. Abnormal serum ALT were present in the majority 

of cases (20/23, 87%), while liver biopsy revealed a chronic persistent hepatitis 

or chronic active hepatitis in 15/20 (75%) PCT patients. In a high percentage 

of subjects (91%) the presence of anti-HCV was detected by ELISA and RIBA II 
(Chiron, Emeryville CA, USA). In 17/22 (77%) cases the ongoing HCV replication 

in the serum was demonstrated by the detection of HCV genomes 

(polymerase chain reaction). The prevalence of both anti-HCV and HCV RNA in PCT 
was significantly higher if compared to 22 systemic immunological diseases 

(P< 0.00l) and 47 healthy subjects (P<0.001). A possible HCV-induced autoimmunity 
In PCT was suggested by the presence of the following immunological parameter 
alterations: anti-GOR in 13/23 (57%), ANA in 4/23 (17%), ASMA in 18/23 (78%), 
anti-LKMI in 1/23 (4%), RFin 23/23 (100%), mixed cryoglobulins in 4/23 (170/0), 
complement consumption in 10/23 (43%). The high prevalence of HCV infection 

and various immunological abnormalities suggest that HCV in combination with 
other factors (genetic, alcohol, etc.) could play a relevant role in the pathogenesis 

of hepatic and metabolic alterations of PCT. 


First published: December 1993 
https://doi.org/10.1111/j.1365-2362.1993.tb00741 


Study on 
Etiopathogenetic role of 
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extrahepatic manifestations. A multidisciplinary expert statement 
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Fig. 2. The network of HCV-related disorders. The figure is a schematic 
representation of the network of HCV-related disorders, 
which encompasses both hepatic and extrahepatic diseases (HCV-EHDs; 
see also Table 2). Liver involvement represents the most common 
clinical manifestation of chronic HCV infection, while HCV-EHDs may 
develop in a subgroup of patients. HCV-EHDs may appear either as 
organ-specific disorders, i.e. arthritis, neuropathy, glomerulonephritis, 
etc.) or as systemic auto-immune disorder such as mixed 
cryoglobulinemia syndrome (MCS). Isolated and totally asymptomatic 
serum cryoglobulins are generally detectable 

in over 50% of HCV infected individuals, while classical MCS can be 
diagnosed in 15% of cryoglobulin-positive patients on the 

basis of both serological (circulating mixed cryoglobulins) and typical 
clinic-pathological features (see text). In clinical practice, 

we can observe a variable combination of hepatic and HCV-EHDs among 
HCV-infected patients, as well as in the same patient during the long- 
term follow-up. The most harmful complications of chronic HCV 
infection may appear abruptly (sensory-motor peripheral neuropathy, 
glomerulonephritis, widespread vasculitis, etc.) or more often as late 
manifestations (malignancies), alone or in the setting of MCS. B-NHL: B- 


cell non-Hodgkin's lymphomas; HCC: hepatocellular carcinoma. ; 
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Abstract 
https://doi.org/10.1016/j.autrev.202 | Cryoglobulinemic vasculitis (CV) is the most frequent extrahepatic manifestation 
during HCV-chronic infection. An effective Direct Acting Antiviral-treatment leads 
to CV clinical response in the majority of CV-patients although symptoms may 
persist/recur despite a sustained virological response. At present, no standardized 
clinical predictive factorsfor disease maintenance/recurrence were proposed, as 
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emerged from a complete literature review we performed and reported. 

Here we provided a detailed descriptive analysis of a wide population of CV 
patients treated with DAA-based regimes and followed-up after therapy 
completion for longer than 72 weeks, in order to identify clinical or laboratory 
predictors of disease outcome and to optimize the patient management. 
Together with some baseline symptoms (neuropathy, weakness and sicca 
syndrome), two newly created scores, CV- and Global Severity Index, emerged as 
reliable and standardized tools to predict CV clinical response before initiating an 
antiviral therapy. In addition to predictive parameters previously proposed in the 
world literature, these novel Indexes could fill an unmet gap in the clinical 
management of the complex HCV-related CV. 
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Dear Professor Ferri 


Many thanks for your letter dated January 3. | really enjoyed reading your recent publications. 
1 am also very impressed by the tremendous activity of your group. 


You have no idea how pleased | am to find beautifully demonstrated in a modern and sophisticated way, the 
hypothesis which we crudely ventured more than twenty years ago 

Anecdotally, | remember the kind words which an oncologist at the Cancer Institute, seated behind me during 
a CPC, whispered in my ear : « Heimann, avec tes cirrhoses ct lymphomes. tu racontes des conneries | » 

I am also impressed by the fact that the concept that some lymphoproliferative disorders could be related to 
Hepatitis C has been developped essentially if not exclusively in Italy . 


I just came back from a hacmatopathology course in San Diego, California where among others, | met Nancy 
Harris . one of the teachers and who is a well known haematopathologist at the Mass. General Hospital in 
Boston. | know her for many years. She was aware of our respective works and as matter of fact she alludes to 
the paper of Pozzato et al.( Blood 1994) in her chapter on low grade B-cell lymphomas in the recent (1996) 
monography on pathology of the lymphnodes edited by Lawrence Weiss and published by Churchill 


Livingstone , 
So slowly but surely the concept that hepatitis viruses can induce lymphoproliferative disorders is gaining 
acceptance in the haematopathologists’ community ! 


! thank you very much also for the offer to collaborate with you. Actually, | was chairman of the Department of 
Pathology at the Institut Jules Bordet until my retirement in October 1995 : Lam now consultant at the 
Department of Pathology of the Flemish Medical School and Academic Hospital ; I shall hold this full-time 
position until end of March and from then on, I shall remain consultant on a part-time basis. So | shall have 
plenty of time then . I would be delighted to collaborate with your team and would like to discuss with you 
how this could be done. Maybe we could meet for instance sometime in this coming spring or early summer at 
your best convenience ?. 

In fact,my wife and I had pl iv d visit so 0 iend date is 

open and I would not mind taking the opportunity to visit you in Pisa. If you wish, I could even give a talk on 
the historical steps of our understanding of the relashionship between liver diseases and lymphoproliferative 
disorder: 


Looking forward to hearing from you and with my best regards, | am , 


Yours sincerely. 
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HEPATIS C VIRUS: A LINKAGE BETWEEN HEMATOLOGY AND 
HEPATOLOGY ESTABLISHED THROUGH MAJOR CONTRIBUTIONS 


BY ITALIAN RESEARCH 


In this issue of Haematologica, Luppi and 
Torelli analyze the pathogenetic role of some 
lymphotropic viruses in human lymphoprolifer- 
ative disorders.’ This has been a field of active 
research in the last few years, and we should be 
proud of the fact that important investigations 
on the relationship between hepatitis C virus 
(HCV) and lymphoproliferative disorders have 
been performed in Italy. In addition, Torelli and 
coworkers have made important contributions 
to studies on herpesviruses. 

The close association between HCV infection 
and mixed cryoglobulinemia (MC) represented 
the first evidence that this virus may have an 
etiopathogenetic role in lymphoproliferative 
disorders. Ferri et al.’ investigated the prevalence 
of HCV infection of peripheral blood mononu- 
clear cells in a series of 16 patients with type II 


HCV RNA was detected in peripheral lympho- 
cytes from 13 out of the 16 patients, whereas it 
was never found in mononuclear blood cells 
from 20 control subjects. These findings strong- 
ly suggested that HCV infection might be 
responsible for the clonal B-cell expansion 
underlying the systemic manifestations of MC. 
Pozzato et al.* studied the clinical, histologic, 
and virologic findings of 31 patients affected 
with mixed cryoglobulinemia. The prevalence of 
anti-HCV antibodies was high (84%); poly- 
merase chain reaction amplification of the 5’ 
untranslated region of HCV was positive in 84% 
of subjects, and core region amplification was 
positive in 96%. A high prevalence of genotype 
II was found (77%), and chronic liver disease 
was present in 48% of patients. Bone marrow 
biopsy specimens showed the presence of low- 
grade non-Hodgkin’s lymphomas in 12 cases 
(39%), whereas infiltration appeared to be reac- 
tive rather than monoclonal in 11 patients. This 
study confirmed that mixed cryoglobulinemia is 
closely associated with HCV infection since only 


one patient was apparently not infected by the 
virus, and suggested that this disease is associat- 
ed with a high prevalence of low-grade non- 
Hodgkin’s lymphomas (NHLs). 

The same authors investigated the long-term 
effects of a-interferon on clinical, hematological 
and virological parameters in a group of 18 
patients affected with type II mixed cryoglobu- 
linemia.* A bone marrow biopsy was performed 
in all patients, and a liver biopsy was obtained in 
those with biochemical signs of chronic liver 
disease. All patients followed the same treat- 
ment schedule: three million units of recombi- 
nant interferon-a s.c., three times a week for 1 
year. In 5 cases bone marrow histology showed 
the presence of a monoclonal lymphocytic infil- 
trate. Liver biopsies were performed in 13 
(72%) of the patients and chronic liver disease 
was found in all 13. Anti- HCV antibodies were 
present in 17 (95%) subjects. HCV-RNA was 
detected in all cases (100%) before therapy. Five 
(28%) patients achieved a complete response 
and 9 (50%) a partial response, while the others 
(4 cases, 22%) showed minor responses. Four 
patients cleared the virus and obtained a com- 
plete remission of the MC. This study con- 
firmed that HCV may be a cause of mixed cryo- 
globulinemia and suggested that a-interferon 
may be an effective agent for the treatment of 
this disorder. 

At this point Ferri et al. decided to investigate 
HCV infection in a series of 50 unselected 
Italian patients with B-cell NHL.’ Antibodies 
against HCV were found in 30% of NHL, and 
HCV viremia in 32% of cases. HCV-related 
markers were detected in 34% (17/50) of NHL 
patients; this prevalence is particularly signifi- 
cant when compared with HCV seropositivity 
in Hodgkin’s disease (3%) and healthy controls 
(1.3%). These data have been confirmed by 
Cavanna et al." 

Franzin et al.’ investigated clonal expansions 
of IgM-producing B cells in 38 patients with a 
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chronic hepatitis C virus infection. Eight 
patients were affected with type II mixed cryo- 
globulinemia (two of whom also suffered from 
non-Hodgkin’s lymphoma and one from Wal- 
denstrém’s disease), one with type HI mixed 
cryoglobulinemia, one with Waldenstrém’s dis- 
ease, and 28 with chronic liver disease. Clonal Ig 
gene rearrangements were detected in all 
patients with type II mixed cryoglobulinemia, as 
well as at a high frequency (24%) in the HCV- 
infected patients without cryoglobulinemia. A 
polyclonal pattern was present in the patient 
with type III mixed cryoglobulinemia and in the 
15 normal individuals and 16 age-related 
patients with HCV-negative alcoholic liver dis- 
ease investigated as controls. The serum levels of 
rheumatoid factor were increased in all patients 
with a clonal expansion, suggesting that the 
expanded B-cell clones belong to the rheuma- 
toid factor-producing B-cell subset. 

De Vita et al. have reported for the first time 
localization of HCV within a parotid non- 
Hodgkin’s lymphoma (NHL) lesion in the 
course of HCV-related type II essential MC, an 
important step toward implicating this agent in 
lymphomagenesis.* Plus and minus strand HCV 
RNA was first demonstrated by polymerase 
chain reaction on complete RNA from the 
lesion. Sialotropic viruses already shown to be 
involved in lymphoproliferation, ie Epstein-Barr 
virus and human herpesvirus-6, were absent 
from the same tissue lesion. According to the 
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current models of B-cell lymphomagenesis, a 
role for HCV as an exogenous antigenic stimu- 
lus should be considered for NHL development 
in the present case, whereas malignant B cells do 


These are just a few examples of the major 
contributions made by Italian science toward 
defining the pathogenetic role of HCV in lym- 


phoproliferative disorders. The reader is referred 
to the review by Luppi and Torelli’ for details. 
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uatre-vingt-treize. 
Est-ce une révolte décrite par une plume 
hugolienne ? Non, lecteurs, c'est une révolution 
(terrestre !), La prochaine. 
Abstract Rhumato s‘y prépare, jetant ses troupes les 
plus valeureuses dans le dernier combat de 1992, 
_ le quatre-vingt-quatorziéme depuis qu'il va au feu. 
Clodoveo Ferri a été désigné pour partir en éclaireur. 
On ne pouvait mieux choisir que ce condottiere pisan 
pour débusquer le virus de |hépatite C camoufle 
dans le maquis des cryoglobulinémies (Le Lauréat, page 5). 
Mais voici en seconde ligne les meilleurs du bataillon 


lauriers pour avoir au milieu de tant d'autres papiers mené 
la charge d'Abstract Riumato pendant toute cette année 
que nous disions presque révolue (Les Best, page 7), 
Mais ott en sont les alliés ? 
C’est-a-dire les rinmatologues du reste de | Europe... 
Qu’on ne s’y trompe pas ! Ici ou de l'autre cété 
des ci-devant frontiéres, c'est le méme combat 
(Rhumato sans frontiéres, page 14), 
Plus loin, les autres corps d’armée (cardiologues, 
neurologues, psychiatres, gastro-entérologues, pédiatres, 
dermatologues, gynécologues...) se sont réunis pour parler 
de la stratégie de leurs propres combats. 
Faites circuler le mot de passe (Médicoscopie, page 22)... 
Cependant, les négociations se poursuivent a l‘arriére. 
Verifiant plus que jamais l’adage “la guerre est décidée par 
ceux qui ne la font pas”, ministres de la santé, directeurs 
de cnisse et présidents des syndicats professionnels en sont 
| encore aux Grandes Maneeuvres malgré plusieurs plans 
de batailles successivement avalisés puis rejetés. 
Il n'y aura pas en 92 de Convention nationale... nonobstant 
les accords historiques (Profession santé, page 27). 
Bref, il n'est que temps de nous accorder une tréve. 
Celle de Noél par exemple, 
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Si ces résultats se trouvent confir- 
més, le nombre des CGM dites 
essentielles devrait done singuliére- 
ment diminver. Reste que les méca- 
nismes physiopathologiques qui 
pourraient expliquer la relation entre 
VHC et CGME ne sont pas encore 
tolalement éclaircis. Selon notre cher- 
cheur italien “le VHC, mais égale- 
ment d un moindre degré le VHB ou 
d'autres virus inconnus, pourrait 


pro: 
voquer un trouble lymphoprolifératif 


Gros plan sur les cryo 


Les cryoglobulines (GC) sont des | 
immunoglobulines qui précipitent au 
froid et se redissolvent a 37 °C. 

On distingue : 

| @ Des CG monoclonales (type |) qui sont 
| formées d'un composant monoclonal, le 
plus souvent IgM. 

@ Des CG mixtes 4 composant mono- 
clonal (type |I} qui correspondent a des 
complexes immuns comprenant une 
immunoglobuline monocionale (le plus 
souvent une IgM) et une immunoglobu- 
line polyclonale, généralement une IgG, 
le premier constituant exercant une acti- 
vité rhumatoide ou anti-idiotype contre 
le second, 

@ Des CG mixtes polycionales (type /Il) 
constituées d'immunoglobulines polycio- 
nales comprenant, le plus souvent, une 
IgM polyclonale a activité anti-IgG (fac- 
, teur rhumatoide). 

Les CG de type | sont responsables 
des tableaux les plus sévéres liés a 
""hyperviscosité plasmatique et/ou a leur 
précipitation intravasculaire, Les CG 
mixtes, surtout de type Il, provoguent 
une vascularite par dépét de complexes 
immuns circulants avec classiquement 
asthénie, arthralgies, purpura et parfois 
anomalies hépatiques. Les CG mixtes 
Ge type lil sont souvent asymptoma- 
tiques. 

Les causes des GG sont multiples. 


Les CG monoclonales sont surtout 
observées au cours des lymphomes et 
des hémopathies. Les CG mixtes sont | 
essentieliement constatées au cours | 
d'affections auto-immunes ou infec- | 
tieuses. Dans 18 a 30 % des cas, 
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responsable de la production de fac- 
teur rhumatoide et de taux élevés de 
complexes immuns circulants (CIC) 
incluant les cryoglobulines, ces der- 
niéres etant responsables de lésions 
vasculaires a lorigine des différentes 
manifestations cliniques”. De plus, 
“une altération de Ia clairance des 
CIC par les cellules de Kijppler peut 
contribuer @ maintenir des taux 
sériques élevés de cryoglobulines 
potentiellement toxiques”. 

Pour I’instant il est cependant 
impossible & C. Ferri de confirmer 
la possible séquence : infection par 
le VHC - hépatite chronique - cryo- 
globulinémie. Mais i! précise cepen- 
dant que “le suivi de plus de 200 
cas de CGM montre que pour 20 % 
des dossiers, I‘hépatite précéde les 
manifestations typiques de la CGM 
(purpura, asthénie, arthralgies, 
neuropathie périphérique, néphro- 
pathie, ulcérations cutanées). Dans 
48 % des observations, I'hépatite 
apporait au cours de |'évolution de 
la maladie alors que dans 32 % 
des cas, une atteinte clinique hépa- 
tique manifeste n‘est pas détectable 
; la prévalence du VHC étant dans 
ce dernier cas comparable a celle 
observée pour la totalité des 
CGM". 

Cependont lo plupart des études 
réalisées incluaient de nombreux 
patients porteurs d’anomalies hépa- 
tiques. Y aurait-il la un biais 2 
Apparemment pas pour notre rhu- 
matologue pisan qui avance que 
“la méme prévalence des mar- 
queurs du VHC constatée dans le 
groupe des patients n’ayant aucun 
signe clinique ni sérologique 
d’hépatite indique clairement que 
le VHC, qui est un virus & Ia fois 
hépatotrope et lymphotrope, est 
responsable de perturbations 
immunologiques plus complexes" 

Plus encore, une fréquence élevée 
d'infection par le VHC ayant été 
rapportée dans les hepatites chro- 
niques auto-immunes, C. Ferri et ses 

borateurs font I'hypothése d'un 
mécanisme étiopathogénique com- 
mun aux CGM et aux hépatites 


Clodoveo Ferri, chercheur chutewens pour 
une affection Sroide. 


Un traitement 
a |'épreuve 


Plusieurs équipes ont tenté de 
traiter les CGME par interféron 
(IFN) alphe avec un certain succes. 
C. Ferri propose cette modalité thé- 
ropeutique chez les patients ayant 
une infection G VHC manifeste et 
une maladie active, en général avec 
vascularite cutanée et hépatite. 

De plus, il propose “une person- 
nalisation des modalités thérapeu- 
tiques, & savoir de la dose et de la 
durée du traitement, suivie par une 
diminution lente de ‘IFN alpha afin 
d'‘éviter un phénoméne de rebond, 
un critére d’exclusion important 
étant la présence d‘une nevropathie 
périphérique sévére”. 

Les jours prochains seront donc 
encore laborieux pour ce clinicien 
infatigable, mais on peut |'espérer, 
riches en découvertes. Dacidés & 
mieux cerner le réle du VHC dans la 
CGM et les relations entre I’hépatite 
des CGM et I’hépatite chronique 
auto-immune, C. Ferri et son équi 
aimercient aussi étudier les possibi- 
lités d’évolution des CGM en lym- 
phome malin et le réle de |'infection 
por le VHC dans ce phénoméne. 
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Hepatitis C Virus, B-Cell Disorders, and 
Non-Hodgkin’s Lymphoma 
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HEPATITIS C VIRUS INFECTION 


Since its identification in 1989 (/,2), hepatitis C virus (HCV) has been recognized as 
the major causative agent of posttransfusion and sporadic parenterally transmitted non- 
A-non-B hepatitis (3). HCV is a single-stranded, positive-sense RNA virus showing 
similarities of genomic organization with pestiviruses. The introduction of second- and 
third-generation enzyme-linked immunosorbent assay (ELISA) and recombinant 
immunoblot assay (RIBA) tests significantly improved the diagnostic procedures for 
the detection of HCV-related antibodies (anti-HCV). Unlike many other viral infec- 
tions, the detection of serum IgG class antibodies often suggests active HCV infection. 
However, anti-HCV may persist long after viral clearance. Thus, detection of viral 
RNA sequences using polymerase chain reaction (PCR) or other amplification methods 
is required to demonstrate infectous HCV (4). In patients with non-A, non-B hepatitis 
there is generally a good concordance between anti-HCV and PCR results. The detec- 
tion of HCV RNA sequences in tissue specimens by in situ hybridization could be 
usefully employed mainly for etiopathogenetic investigations, although this still 
requires proper validation (5). 

HCV genotypes have been defined by means of nucleotide and amino acid sequence 
analyses. There is an increasing number of HCV types and subtypes; at least 6 major 
HCV genotypes with 11 subtypes have been demonstrated in patient populations from 
different geographic areas (6). The presence of different HCV genotypes seems to be 
relevant for both pathogenetic and therapeutic implications, as suggested by the 
increased prevalence of genotype 1b in subjects with low response to interferon treat- 
ment and genotype 2a/c in lymphoproliferative disorders (3-8). Although some HCV 
genotypes are prevalent in particular geographic areas, a large variety of types and sub- 
types appears in a given country. In addition, HCV shows marked genetic variability. 
The viral genome is a mixture of heterogeneous HCV RNA molecules, often desig- 
nated as quasispecies (9). The coexistence of multiple mutants provides an efficient 
and rapid mechanism for the virus to escape the immune response and therefore to per- 
sist in the host. The large majority of infected individuals develop chronic HCV infec- 
tion (3,/0), with about 70% showing chronic hepatitis. 
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Abstract 


Cryoglobulinemic vasculitis, also termed mixed cryoglobulinemic syndrome, is a 
rare systemic small vessel vasculitis due to the vascular deposition of immune- 
complexes, mainly mixed IgG-IgM cryoglobulins. It is associated with hepatitis C virus 
infection, immunological, and neoplastic diseases. Cryoglobulinemic vasculitis is 
characterized by the classical triad of purpura, weakness and arthralgia, frequent multiple 
organ involvement, and with infrequent late lymphatic and hepatic malignancies. The 
etiopathogenesis of cryoglobulinemic vasculitis is not completely understood. However, 
hepatitis C viral infection and associated lymphotropism, genetic and environmental 
factors play important roles in cryoglobulin and immune-complex production that deposit 
in blood vessels, and in B-lymphocyte expansion. The diagnosis is suggested by clinical 
evidence of purpura, circulating mixed cryoglobulinemia and low C4 levels, and 
pathologically evident leukocytoclastic vasculitis in skin biopsy lesions. The prognosis is 
poor in patients with renal disease, liver failure, and malignancy. Treatment is directed 
toward eradicating hepatitis C viral infection employing combination PEGylated- 
interferon-alpha and ribavirin treatment, immunomodulatory and immunosuppressant 
medications as warranted by the level of clinical severity. 


Introduction 


Cryoglobulinemic vasculitis (CV) is a small vessel vasculitis (SVV) due to the vascular 
deposition of cryoprecipitable or non-cryoprecipitable immune-complexes (IC) and 
complement {1]. Cryoglobulinemia and cryoimmunoglobulinemia are interchangeable terms 
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Learning objectives: 

® Correctly classify/diagnose cryoglobulinaemia 
and mixed cryoglobulinaemia (MC) 

® Use the correct technical procedures to detect 
and characterise cryoglobulin 
Describe and explain the main mechanisms 
involved in the aetiopathogenesis of MC 
syndrome 
Outline the epidemiology, prognosis and 
main clinical manifestations of MC syndrome 
(cryoglobulinaemic vasculitis) 
Make a differential diagnosis between 
MC syndrome and other autoimmune 
rheumatic disorders (Sj6gren’s syndrome, 
rheumatoid arthritis, other systemic 
vasculitides) 
Define the main organ and systemic 
autoimmune disorders possibly triggered by 
hepatitis C virus (HCV) infection 
List the possible neoplastic complications 
correlated with HCV infection 
Describe and explain the pathogenetic 
mechanisms of HCV-related autoimmune and 
lymphoproliferative disorders 


List the main targets of HCV-mixed 
cryoglobulinaemia therapy: clinical 

response (organ target manifestations), 
virological response (HCV RNA) and 
immunological response (cryocrit, 

C4 serum level) 

Understand that antiviral therapy (Peg-interferon 
a plus ribavirin) is the cornerstone of HCV-mixed 
cryoglobulinaemia treatment 

Recognise that HCV viral load correlates with 
clinical outcome 

Know that B cell depleting therapy (rituximab) 
is an interesting additional therapeutic 

option 

Explain the timing of action and the limitations 
of rituximab 

Explain concerns about immunosuppressant 
agent use in HCV-mixed cryoglobulinaemia 
Describe the use of steroids 
immunosuppressant agents and 
plasmapheresis 
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